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FRPSDQ\ WR LQYHVW LQ VRIWZDUH DQG KDUGZDUH WR KHOS WKHP WR GR LW 6SDFH GRHV QRW SHUPLW XV WR LQFOXGH D IXOO
GLVFXVVLRQKHUHRIWKHK\SHVXUURXQGLQJWKHVHSKHQRPHQDDWSUHVHQW2QWKHRQHKDQGLWKDVDOOWKHKDOOPDUNVRID
³FRQVXOWDQF\IDG´ZLWKLWVWHQGHQF\WREHGULYHQE\,7QHYHUWKHOHVVGHYHORSPHQWVVXFKDVWKRVHLQZHEDQDO\WLFV
DQGUHDOWLPHGDWDGRUHSUHVHQWJHQXLQHRSSRUWXQLWLHVIRURUJDQL]DWLRQV
:HWKXVDSSURDFKWKHGHYHORSPHQWRIDQDO\WLFVDQGELJGDWDLQVWUDWHJLFULVNPDQDJHPHQWIURPWZRSHUVSHFWLYHV
VWUDWHJLFULVNPLWLJDQWDQGVWUDWHJLFULVNFUHDWRU6WUDWHJLFULVNFDQWDNHGLIIHUHQWIRUPVVXFKDVUHSXWDWLRQLQGXVWU\
PDUJLQ UHGXFWLRQV HFRQRPLF HIILFLHQF\ HQYLURQPHQWDO LVVXHV HQHUJ\ LVVXHV JHRJUDSKLFDO KD]DUGV WKUHDWV DQG
WHUURULVPFLWL]HQFXVWRPHUGLVVDWLVIDFWLRQGLVWULEXWLRQRI MXVWLFHDQGVRRQ ,QSDUWLFXODUVWUDWHJLF ULVN LQ WKLV
FRQWH[W LV WKH PLVXVH RI VWUDWHJLF UHVRXUFHV VXFK DV GDWD DQG DQDO\WLFV FDSDELOLWLHV DQG UHGXFHG
RUJDQL]DWLRQSUHSDUHGQHVVIRUXVLQJDQDO\WLFVDQGGDWDLQGLIIHUHQWIRUPDWVRQYDULRXVW\SHVRIGDWD7KLVPLVXVHRI
UHVRXUFHVFDQEHFRQYHUWHGLQWRDFRPSHWLWLYHSRVLWLRQFKDQJHRUVWUDWHJLFULVN7KLVOLPLWHGXQGHUVWDQGLQJRIZKDW
DQDO\WLFVDQGELJGDWDDUHFDQUHGXFHWKHFKDQFHRILPSURYLQJRUJDQL]DWLRQDOYDOXHEHFDXVHRIXQV\VWHPDWLFXVHRI
GDWDWRROVPHWKRGVDQGWKHV\QHUJHWLFSURFHVVEHWZHHQKXPDQVPDFKLQHVDQGGDWD,QDGGLWLRQWKHLQYHVWPHQWRI
WLPHDQGUHVRXUFHVLQDQDO\WLFVDQGELJGDWDUHSUHVHQWVDYHU\VLJQLILFDQWRSSRUWXQLW\ORVVLIQRWXVHGHIIHFWLYHO\
:KDWLVHYLGHQWLVWKDWVRPDQ\RIWKHVHH[KRUWDWLRQVGLVFXVVELJGDWDDQGDQDO\WLFVLQLVRODWLRQODFNLQJDQ\IRUP
RIFRQWH[W<HWFRQWH[WLVFHQWUDOWRDQ\PDQDJHPHQWDFWLYLW\$GHFLVLRQLVRQO\HIIHFWLYHLQLWVFRQWH[WVRPHWLPHV
LWZLOOEHDSSURSULDWHWRLQFUHDVHSULFHVDWRWKHUWLPHVWRGHFUHDVHWKHP'DWDRQLWVRZQQRPDWWHUKRZELJHYHQ
ZLWKWKHDSSOLFDWLRQRIDQDO\WLFVZLOOQRWVROYHDQ\SUREOHPV$Q\DQDO\VLVRIGDWDQHHGVWREHJXLGHGWKHFRQWH[W
EHLQJ RQH RI WKH IDFWRUV LQIOXHQFLQJ WKDW JXLGDQFH DQG WR OHDG WR DSSURSULDWH DFWLRQ 7KXV LW QHHGV WKH LQSXW RI
NQRZOHGJHDQGLQWHOOLJHQFH$QDO\WLFVFDQLGHQWLI\XVHIXOSDWWHUQVDQGUHODWLRQVKLSVEXWWKH\PXVWEHEDVHGRQVROLG
DQGUHOLDEOHIRXQGDWLRQV*,*2*DUEDJH,Q*DUEDJH2XWLVDVWUXHQRZDVLWHYHUZDV
2XUH[DPSOHLQWKLVSDSHUFRQFHUQVDFFRXQWVSD\DEOH7KHDFWLYLWLHVRIDQ\RUJDQL]DWLRQFDQEHGLYLGHGLQWRFRUH
DQGVXSSRUWSURFHVVHV7KHFRUHSURFHVVHVDUHZKDWWKHRUJDQL]DWLRQGRHVIRULWVH[WHUQDOFXVWRPHUVWKHSURFHVVHV
WKDWOLWHUDOO\PDNHWKHRUJDQL]DWLRQZKDWLWLVWKHRQHVWKDWGLVWLQJXLVKDQDXWRPRELOHPDQXIDFWXUHUIURPDXQLYHUVLW\
RU DQ LQVXUDQFH FRPSDQ\ 6XSSRUW SURFHVVHV DV WKH QDPH LPSOLHV VXSSRUW WKH FRUH SURFHVVHV DQG DUH GRQH IRU
LQWHUQDOFXVWRPHUV$FFRXQWVSD\DEOHLVDFODVVLFH[DPSOHRIDVXSSRUWSURFHVVHYHU\RUJDQL]DWLRQKDVWRPDNHVXUH
LW SD\V LWV ELOOV (YHQ WKRXJK LW LV QRW SDUW RI WKH RUJDQL]DWLRQ¶V SXUSRVH DQG JRDOV LW FDQ VWLOO GHWUDFW IURP WKH
DFKLHYHPHQWRIWKRVHJRDOVLIQRWGRQHZHOO,QGHHGLIGRQHUHDOO\EDGO\LWFRXOGOHDYHWKHRUJDQL]DWLRQXQDEOHWR
RSHUDWH$SRRUDFFRXQWVSD\DEOHSURFHVVFRXOGEHDYHU\H[SHQVLYHSURFHVVDQGWKXVDVWUDWHJLFLVVXHWRWDFNOHIRU
RUJDQL]DWLRQV 6XFK D SURFHVV QHHGV WR EH LPSURYHG WKURXJK D PRUH HIIHFWLYH DSSURDFK WKDW DGGV YDOXH WR
RUJDQL]DWLRQV ,WFDQEHSDUWRI LPSOHPHQWLQJDPRUHV\VWHPDWLFDSSURDFK WRVXSSOLHU UHODWLRQVKLSPDQDJHPHQW LQ
RUGHUWRFRQWURORWKHUULVNVDVVRFLDWHGZLWKVXSSO\FKDLQDQGSURGXFWLRQRSHUDWLRQVFRVWV
7KLVH[DPSOHGHPRQVWUDWHVWKDWVXSSRUWSURFHVVHVWRRFDQJHQHUDWHELJGDWDDQGGRHVVRPHSUHOLPLQDU\DQDO\VLV
RQ WKLV GDWD XVLQJ 'DWD (QYHORSPHQW $QDO\VLV DQ DQDO\WLFV WHFKQLTXH VSHFLILFDOO\ GHVLJQHG WR FRPSDUH WKH
SHUIRUPDQFH RI GLIIHUHQW RUJDQL]DWLRQV RU RSHUDWLQJ XQLWV :H FDQ VDIHO\ DVVXPH WKDW HIILFLHQF\ LV WKH JRDO RI
DFFRXQWVSD\DEOHDVDQDFFRXQWVSD\DEOHGHSDUWPHQWKDVQRFKRLFHDERXW WKH WKLQJV LWGRHV  LWFDQQRWFKRRVH WR
PRYHLQWRDQHZOLQHRIEXVLQHVV
:HVKDOORIIHUSUHOLPLQDU\FRQFOXVLRQVDERXW WKHH[DPSOHEDVHGRQ WKLVSLORW VWXG\DQGDOVRGHPRQVWUDWH WKH
UHOHYDQFHRINQRZOHGJHDQGNQRZOHGJHPDQDJHPHQWWRVWHHULQJWKHDQDO\WLFVSURFHVV
7KHSDSHU LVVWUXFWXUHGDVIROORZV)LUVWZHEULHIO\UHYLHZWKHKLVWRU\RIDQDO\WLFVDQGELJGDWD:HIUDPHWKH
LVVXHRIXVLQJDQDO\WLFVDQGELJGDWDDVERWKPLWLJDWRUDQGFUHDWRURIVWUDWHJLFULVN1H[WZHJLYHPRUHGHWDLODERXW
GDWDHQYHORSPHQWDQDO\VLVWKHQH[SODLQWKHDSSURDFKWDNHQLQRXUVWXG\)ROORZLQJWKDWWKHH[DPSOHDQGLWVUHVXOWV
VRIDUDUHSUHVHQWHGDQGZHHQGZLWKGLVFXVVLRQDQGFRQFOXVLRQV
$QDO\WLFVDQGELJGDWD
:HWDNHVOLJKWO\XQXVXDOSRVLWLRQVFRQFHUQLQJERWKDQDO\WLFVDQGELJGDWD$QDO\WLFVZHUHJDUGDVDQHZQDPHIRU
DPXFKROGHUDFWLYLW\ZKLOVWZHEHOLHYHWKDWWKH³ELJ´LQELJGDWDLVDUHODWLYHWHUP
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2.1. Analytics 
'DYHQSRUW DQG +DUULV GHILQH DQDO\WLFV DV ³WKH H[WHQVLYH XVH RI GDWD VWDWLVWLFDO DQG TXDQWLWDWLYH DQDO\VLV
H[SODQDWRU\DQGSUHGLFWLYHPRGHOVDQGIDFWEDVHGPDQDJHPHQWWRGULYHGHFLVLRQVDQGDFWLRQV´S$FRPPRQO\
IRXQG FODVVLILFDWLRQ GLYLGHV DQDO\WLFV WHFKQLTXHV LQWR WKUHH W\SHV GHVFULSWLYH SUHGLFWLYH DQG SUHVFULSWLYH 7KHUH
VHHPWREHQRDJUHHGSUHFLVHGHILQLWLRQVRIWKHVHEXWWKH\FDQEHFKDUDFWHUL]HGDVIROORZV
'HVFULSWLYH DQDO\WLFVXVHV IRU H[DPSOH EXVLQHVV LQWHOOLJHQFHGDWDPLQLQJ VHQWLPHQW DQG DIIHFW DQDO\VLVZHE
DQDO\WLFVJUDSKPLQLQJWRSURYLGHWKHFRQWH[WDQGWUHQGLQJLQIRUPDWLRQRQSDVWRUFXUUHQWHYHQWVDQVZHULQJZKDW
KDVKDSSHQHGDQGZKDWLVKDSSHQLQJ
3UHGLFWLYH DQDO\WLFV XVHV IRU H[DPSOH VWDWLVWLFDO PRGHOV PDFKLQH OHDUQLQJ QHXUDO QHWZRUN DQDO\VLV DQG
IRUHFDVWVWRSURYLGHDQDFFXUDWHSURMHFWLRQRIIXWXUHKDSSHQLQJVDQGWKHUHDVRQLQJDVWRZK\DQVZHULQJZKDWFRXOG
KDSSHQ
3UHVFULSWLYHDQDO\WLFVXVHVIRUH[DPSOHRSWLPL]DWLRQVLPXODWLRQDUWLILFLDOLQWHOOLJHQFHFDVHEDVHGUHDVRQLQJWR
UHFRPPHQGRQHRUPRUH FRXUVHV RI DFWLRQ DQG VKRZV WKH OLNHO\ RXWFRPHRI HDFKGHFLVLRQ SURYLGLQJ DQVZHUV WR
ZKDWWKHRUJDQL]DWLRQVKRXOGGR
/RRNLQJDWWKHDERYHGHILQLWLRQDQGWKHVHPRUHGHWDLOHGH[DPSOHVDQDO\WLFVFDQEHVHHQWREHYLUWXDOO\LGHQWLFDO
WR WKH GLVFLSOLQH RI RSHUDWLRQV UHVHDUFKPDQDJHPHQW VFLHQFH ZKLFK KDV EHHQ SUDFWLFHG XQGHU WKRVH QDPHV VLQFH
DURXQG7KHSURIHVVLRQDOVRFLHW\,1)2506IRUH[DPSOHJLYHVWKHGHILQLWLRQ³2SHUDWLRQV5HVHDUFK25
RURSHUDWLRQDOUHVHDUFKLQWKH8.LVDGLVFLSOLQHWKDWGHDOVZLWKWKHDSSOLFDWLRQRIDGYDQFHGDQDO\WLFDOPHWKRGVWR
KHOS PDNH EHWWHU GHFLVLRQV«(PSOR\LQJ WHFKQLTXHV IURP RWKHU PDWKHPDWLFDO VFLHQFHV VXFK DV PDWKHPDWLFDO
PRGHOLQJVWDWLVWLFDODQDO\VLVDQGPDWKHPDWLFDORSWLPL]DWLRQRSHUDWLRQVUHVHDUFKDUULYHVDWRSWLPDORUQHDURSWLPDO
VROXWLRQVWRFRPSOH[GHFLVLRQPDNLQJSUREOHPV´
6RDQDO\WLFV LVD UHODWLYHO\QHZQDPHIRUDQDFWLYLW\ZLWKD ORQJKLVWRU\:KDWKDVFKDQJHGVLQFH LV WKH
HYHULQFUHDVLQJUDQJHRIWHFKQLTXHVPRVWUHFHQWO\IRUGHDOLQJZLWKWH[WXDODQGRWKHUQRQTXDQWLWDWLYHGDWDVHHWKH
IROORZLQJVHFWLRQVDQGWKHQDWXUHRIWKH,7VXSSRUWDYDLODEOHWRKHOSZLWKWKHSURFHVV7KHUHLVDFOHDUDVVRFLDWLRQ
RIWKHZRUNZLWKWZRFRPSRQHQWVIRUDQDO\WLFVSUDFWLFHRQWKHRQHKDQGWKHGHYHORSPHQWRIVWDWLVWLFDOWHFKQLTXHV
RQ WKH RWKHU KDQG PDFKLQH OHDUQLQJ DQG FRPSXWDWLRQDO FDSDELOLWLHV 7KHVH WZR FRPSRQHQWV FRPSOHPHQW WKH
PDWKHPDWLFDO DSSURDFK WKDW KDV H[LVWHG VLQFH WKH EHJLQQLQJ RI DQDO\WLFV DQG SURYLGH PRUH RSWLRQV WR FUHDWH
NQRZOHGJHIURPGDWD
2.2. Big data 
'LVFXVVLRQV RI ELJ GDWD UHIHU WR LW DV EHLQJ FKDUDFWHUL]HG E\ HYHUJURZLQJ YDOXHV RI WKH ³WKUHH9V´ YROXPH
YDULHW\ DQGYHORFLW\ ZLWK D IRXUWKPRUH VWDEOH9YHUDFLW\ RIWHQ DGGHG WR WKLV OLVW  ,Q WKH OLJKWRI WKH HYHU
LQFUHDVLQJFDSDELOLWLHVRI LQIRUPDWLRQ WHFKQRORJ\ZHIHHO WKDW WKHVHFDQRQO\EHUHODWLYH WHUPV:KDWZDVD ODUJH
YROXPH RI GDWD LQ  SHUKDSV GRHV QRW VHHP VR ODUJH QRZ%XW WKDWZDV ODUJH E\  VWDQGDUGV DQG VR RQ
'HILQLWLRQVRIELJGDWDWKHUHIRUHFRQWLQXHWRHYROYH/RRNLQJDWWKHZD\LQZKLFKWKHELJGDWDGHEDWHLVFRQGXFWHG
ZHZRXOGOLNHWRRIIHUDUXOHRIWKXPELW¶VELJGDWDLI\RXFDQ¶WSURFHVVLWRQ\RXUFXUUHQWGHVNWRSGHYLFH
$Q DGGLWLRQDO IHDWXUH FDQ EH WKH LQFRUSRUDWLRQ RI XQVWUXFWXUHG GDWD   0DQDJLQJ WKLV GDWD UHTXLUHV GDWD
DUFKLWHFWXUHV WKDW FDQ GHDO ZLWK PDQ\ W\SHV RI GDWD VXFK DV JUDSKLFDO GDWDEDVHV UDWKHU WKDQ WUDGLWLRQDO GDWD
ZDUHKRXVHV RU GDWDPDUWV &RQQHFWLQJPXOWLSOH GDWD VRXUFHV HQDEOHV QHZ DSSURDFKHV WR SUREOHPV )RU H[DPSOH
VRPH\HDUVDJRRQO\DSDUDPHWULFDSSURDFKWRVROYLQJFHUWDLQULVNPDQDJHPHQWSUREOHPVZDVSRVVLEOHWKHVHGD\V
WKH QRQSDUDPHWULF DSSURDFK EULQJV D ORW RI DGYDQWDJHV 1RQWUDGLWLRQDO PHDQV DOVR QRZ VXSSRUW GHFLVLRQV LQ
ILQDQFLDOWUDQVDFWLRQVVXFKDVXVLQJDSURFHVVRIPLQLQJGLVFXVVLRQVRQVRFLDOPHGLDUHODWHGWRFRPSDQLHV¶RXWORRN

2.3. Two illustrations 
$QDO\WLFVWKXVUHTXLUHVQRWRQO\GDWDDQGFRPSXWDWLRQDOFDSDFLW\EXWDOVRPDWKHPDWLFDOPRGHOLQJDQGWKLQNLQJLQ
DV\VWHPDWLFZD\:HZLOOH[SODLQWKLVZLWKWZRVPDOOH[DPSOHV
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&RQVLGHUILUVWWKHIROORZLQJUHDOOLIHH[DPSOH$FRPSDQ\UXQQLQJDFKDLQRIFDIpVZDQWHGWRNQRZPRUHDERXW
H[DFWO\ZKDWIRRGWKH\ZHUHVHOOLQJXVLQJWRDYRLGZDVWLQJIUHVKSURGXFH6RWKH\WXUQHGWROHDGLQJHGJH
LQIRUPDWLRQ WHFKQRORJ\ WR FROOHFW DQG DQDO\]HGDWDRQ DPXFKJUHDWHU VFDOH WKDQKDGEHHQGRQHSUHYLRXVO\7KLV
VRXQGVYHU\VLPLODUWRH[DPSOHVRIELJGDWDDQGDQDO\WLFVWKDWFDQEHIRXQGLQFRPSXWLQJPDJD]LQHVDOPRVWHYHU\
ZHHNDWWKHPRPHQW
%XW WKLVZDV  7KH FRPSDQ\ZDV - /\RQV DQG&R /WG LQ WKH8. /\RQVZDV WKH ILUVW EXVLQHVV WR XVH
FRPSXWHUVWKH\KDGWRPDQXIDFWXUHWKHLURZQWKH/(2/\RQV(OHFWURQLF2IILFHWRGRVRDQGWKLVZDVRQHRI
WKHLUILUVWDSSOLFDWLRQV
7KH\XVHGZKDWZRXOGQRZDGD\VEHFDOOHGSUHGLFWLYHDQDO\WLFVHYHQWDNLQJLQWRDFFRXQWWKHZHDWKHUIRUHFDVW
DQG IRU WKH WLPH LW ZDV ELJ GDWD WKH GHVNWRS GHYLFHV RI   PDQXDOO\RSHUDWHG FDOFXODWRUV  FRXOG QRW KDYH
SURGXFHGWKHUHVXOWVLQWKHWLPHDYDLODEOHRYHUQLJKWIRUWKHQH[WGD\
7KHVHFRQGH[DPSOHVKRZVDQDO\WLFVDVSDUWRIDGHGXFWLYHSURFHVVDQGQRW MXVWDQLQGXFWLYHDSSURDFK³%\
 WKHDOOLHVNQHZWKDW86DQGHYHQ%ULWLVKWDQNVKDGEHHQWHFKQLFDOO\VXSHULRUWR*HUPDQ3DQ]HU WDQNVLQ
FRPEDW EXW WKH\ ZHUHZRUULHG DERXW WKH FDSDELOLWLHV RI WKH QHZPDUNV ,9 DQG9´2EVHUYDWLRQV E\ WKH DUP\
LQWHOOLJHQFH JURXS SURGXFHG FRQWUDGLFWRU\ DQVZHUV DERXW WDQN SURGXFWLRQ VR WKH\ WXUQHG WR DQDO\WLFV 7KH DOOLHV
GHYHORSHG D IRUPXOD EDVHG RQ WKH VHULDO QXPEHUV RI FDSWXUHG WDQNV DQG WKXV SUHGLFWHG WKDW WKH*HUPDQV FRXOG
SURGXFHDURXQGWDQNVSHUPRQWK³$WWKDWWLPHVWDQGDUGDUP\LQWHOOLJHQFHHVWLPDWHVKDGEHOLHYHGWKHQXPEHU
ZDVIDUIDUKLJKHUDWDURXQG´$IWHUWKHZDUWKHUHFRUGVGHPRQVWUDWHGWKDWWKHDFWXDOQXPEHUZDVSHU
PRQWK
:HWUXVWZHKDYHPDGHDFRQYLQFLQJFDVHWKDW WKHDFWLYLWLHV LQDQDO\WLFVDUHQRWFRPSOHWHO\QHZDQGFUXFLDOO\
WKHUHIRUHWKDWWKHUHDUHOHVVRQVWKDWFDQEHOHDUQHGIURPWKHH[SHULHQFHRIWKHSDVW\HDUVRUPRUH

2.4. Linking analytics to business decisions 
1RRQHGLVSXWHVWKDWDQDO\WLFVDQGELJGDWDDUHDOODERXWXQGHUVWDQGLQJPDNLQJVHQVHRIWKHWDUJHWSKHQRPHQD
+RZHYHUWKHUHDUHGLIIHUHQWW\SHVRIXQGHUVWDQGLQJDQGLWLVQ¶WSRVVLEOHWRVXEVWLWXWHRQHIRUDQRWKHU6SHQGHUKDV
LGHQWLILHG WKUHH W\SHV RI WKLV XQGHUVWDQGLQJ RU RUJDQL]DWLRQDO NQRZLQJ DV KH FDOOV LW GDWDPHDQLQJ DQG VNLOOHG
SUDFWLFH+HDOVRFRPPHQWVWKDW³7KHILUVWWZRFDQEHFDSWXUHGLQODQJXDJHWKHHVVHQFHRISUDFWLFHFDQQRW´S
DQG WKDW LQQHFHVVDULO\HPEUDFLQJDOO WKUHHNQRZOHGJHPDQDJHPHQWPRYHV LQWRDUHDV WKDWDUH³XQGHWHUPLQHGDQG
LQFRQFOXVLYH´ S :H ZRXOG PDUJLQDOO\ GLVDJUHH ZLWK 6SHQGHU DV ZH EHOLHYH WKDW DOO NQRZOHGJH KDV ERWK
H[SOLFLWFRGLILDEOHLQODQJXDJHLQ6SHQGHU¶VWHUPVDQGWDFLWQRWUHDGLO\H[SUHVVLEOHFRPSRQHQWV)RUGDWDWKH
WDFLWHOHPHQWLVYHU\VPDOOLQGHHGDVORQJDVWKHDVVXPSWLRQVPDGHZKHQFROOHFWLQJWKHGDWDKDYHDOVREHHQZULWWHQ
GRZQ DQG WKXV PDGH H[SOLFLW QRW MXVW WKH DFWXDO GDWD )RU PHDQLQJ WKH WDFLW HOHPHQW LV VPDOO EXW FDQ VWLOO EH
VLJQLILFDQW  VRPH GDWD VHWV DUH HDVLHU WR ³UHDG´ WKDQ RWKHUV :KLOH IRU VNLOOHG SUDFWLFH WKH WDFLW NQRZOHGJH
GRPLQDWHVDQGLW LV WKHH[SOLFLWHOHPHQW WKDW LVYHU\VPDOO LQGHHGFIULGLQJDELF\FOHZKHUHWKHH[SOLFLWHOHPHQW
GRHVQRWJRPXFK IXUWKHU WKDQ ³VLWRQ WKH VDGGOH DQGKROG WKHKDQGOHEDUV´ ,Q WKH FRQWH[W RI DQDO\WLFVERWK WKH
PHDQLQJ DQG WKH VNLOOHG SUDFWLFH VSDQ two GRPDLQV  WKH WDUJHW GRPDLQ DQG WKH DQDO\WLFV GRPDLQ LWVHOI $OVR
PHDQLQJDQG VNLOOHGSUDFWLFH HDFKKDYH D UHFLSURFDO UHODWLRQVKLSZLWKNQRZOHGJHNQRZLQJ WKH\ERWK LQIOXHQFH LW
DQGDUHLQIOXHQFHGE\LW,QDQDQDO\WLFVVWXG\WKHILQGLQJVPD\OHDGWRNQRZOHGJHDQGLQWHOOLJHQFHLQWKHPLOLWDU\
VHQVHRIWKDWWHUPEXWWKH\DOVRQHHGWKHLQSXWRINQRZOHGJHDQGLQWHOOLJHQFHLQWKHKXPDQVHQVHRIWKDWWHUP
6RDQ\DSSOLFDWLRQRIDQDO\WLFVLQEXVLQHVVPXVWEHJXLGHGE\WKHPHDQLQJDQGVNLOOHGSUDFWLFHIURPWKHEXVLQHVV
GRPDLQ7KHSHRSOHUXQQLQJWKHEXVLQHVVQHHGWRDVN³:KDWTXHVWLRQVZRXOGZHOLNHDQVZHUHGWKDWZHFDQ¶WDQVZHU
QRZ"´RUPRUHJHQHUDOO\³:KDWTXHVWLRQVZRXOGZHOLNHDQVZHUHGEHWWHUWKDWZHFDQ¶WDQVZHUZHOOHQRXJKQRZ"´
$V0F$IHHDQG%U\QMROIVVRQSXW LW³7KHILUVWTXHVWLRQDGDWDGULYHQRUJDQL]DWLRQDVNV LWVHOI LVQRW µ:KDWGRZH
WKLQN"¶EXWµ:KDWGRZHNQRZ"¶´S
)LJVKRZVKRZDQDO\WLFV ELJGDWDDQGKXPDQNQRZOHGJHILW WRJHWKHU IRUDVLQJOHVWXG\VWDUWLQJ IURPWKLV
JXLGDQFHDQGOHDGLQJWRVRPHSXUSRVHIXODFWLRQWKDWPDNHVDGLIIHUHQFHLQWKHRUJDQL]DWLRQ

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
)LJ7KHLQWHUDFWLRQVEHWZHHQGDWDDQDO\WLFVDQGKXPDQNQRZOHGJHLQDVLQJOHVWXG\

2.5. Linking analytics to organizational risk 
2UJDQL]DWLRQVDUHPRYLQJ IURPFRQVLGHULQJGDWD MXVWDVVRPHWKLQJ WKH\KDYH WRGHDOZLWKDWEHVWDVD WDFWLFDO
UHVRXUFHWRFRQVLGHULQJGDWDDVDPHDQVRIFUHDWLQJYDOXH7KLVPHDQVPDQDJLQJGDWDZLWKDPRUHVWUDWHJLFYLHZ
$GGLWLRQDOO\ WKH DQDO\WLFV SURFHVV KDV WKH SRWHQWLDO WR EH SDUW RI WKH LPSURYHPHQW DQG GHYHORSPHQW RI WKH
EXVLQHVV¶VSURFHVVHVDQGVWUDWHJ\
)URP WKH VWUDWHJLF ULVN PDQDJHPHQW SRLQW RI YLHZ DQDO\WLFV LV D EULGJH WR UHGXFH XQFHUWDLQW\ DQG WR PRYH
GHFLVLRQVWRDODQGVFDSHZLWKEHWWHUNQRZOHGJH$VZHNQRZPDQ\TXHVWLRQVFDQQRWEHDQVZHUHGSUHFLVHO\EXWIRU
H[DPSOH WKH LQFRUSRUDWLRQ RI UDQGRPQHVV LQ ZKDW SUHYLRXVO\ KDV RQO\ EHHQ DQDO\]HG DV GHWHUPLQLVWLF FDQ DGG
YDOXH ,I WKH UDQGRPQHVV FDQ EH GHVFULEHG E\ DQDO\WLFV PRGHOV WKH DSSOLFDWLRQ FDQ EH GHYHORSHG WR VLPLODU
VLWXDWLRQV ,Q WKH H[DPSOH RI DFFRXQWV SD\DEOH ZH SUREDEO\ FDQ QHYHU SUHGLFW ZKDW QXPEHU RI LQYRLFHV WKDW
RUJDQL]DWLRQQHHGVWRSURFHVVDQGKRZPXFKWKHGROODUYDOXHRIWKHVHLQYRLFHVZLOOEH%XWLWLVSRVVLEOHWRSUHGLFW
ZLWKVRPHDFFXUDF\WKHUDQJHLQZKLFKWKHYDOXHVFDQIDOODQGWKHUHIRUHKHOSZLWKEXGJHWGHILQLWLRQWKHQXPEHURI
HPSOR\HHVDVVLJQHGWKHJURXSVGHVLJQHGWRFRQWUROWKHSURFHVVDQGVRRQ
*RRG RUJDQL]DWLRQDO OHDUQLQJ IURP WKH SURFHVV RI SUHGLFWLYH DQDO\WLFV RU DV LQ WKH H[DPSOH EHORZ WKURXJK
RSWLPL]DWLRQDSSURDFKHVFDQLPSURYHWKHSURFHVVWRUHGXFHWKHULVNRIZDVWLQJPRQH\RUWKHULVNRIODFNRIFRQWUROV
E\VHJPHQWVRIVXSSOLHUVRUJURXSVRIWUDQVDFWLRQV
7KHQH[WVHFWLRQGHVFULEHVWKHDQDO\WLFVWHFKQLTXHZHZLOOEHXVLQJLQWKHH[DPSOHLQWKLVSDSHU

'DWDHQYHORSPHQWDQDO\VLV
'DWD (QYHORSPHQW $QDO\VLV '($ LV D OLQHDU SURJUDPPLQJ SURFHGXUH WKDW LV PDLQO\ XVHG IRU ILQGLQJ WKH
LPSRUWDQFHRILQSXWVLQJHQHUDWLQJRXWSXWV7KLVLVDQDSSURDFKWRPHDVXULQJUHODWLYHHIILFLHQF\RQDVFDOHIURP
'($DVVLJQVD VFRUHRIHIILFLHQF\ WRD'HFLVLRQ0DNLQJ8QLW '08RQO\ZKHQFRPSDULVRQVZLWK
RWKHU'08VGRQRWSURYLGHHYLGHQFHRILQHIILFLHQF\LQWKHXVHRIDQ\LQSXWLQWKHSURGXFWLRQRIWKHRXWSXWV7KDW
LVWKHPL[RILQSXWRXWSXWIRUWKDW'08FDQQRWEHLPSURYHGE\XVLQJWKH³UHFLSH´IURPRQHRUPRUHRIWKHRWKHU
'08V,WLVHVVHQWLDOWREHDULQPLQGWKDW'($PHDVXUHVrelative HIILFLHQF\LHHIILFLHQF\FRPSDUHGWRWKHVHWRI
'08VDQDO\]HG,WLVWKHUHIRUHRIWHQXVHGIRUPHDVXULQJWKHUHODWLYHSHUIRUPDQFHRIVLPLODU'08VZLWKLQWKHVDPH
RYHUDOORUJDQL]DWLRQVXFKDVEUDQFKHVRIDEDQNRUVFKRROVZLWKLQWKHVDPHGLVWULFW
'$7$ 7(&+1,48(6
$1$/<7,&6
3$77(516
,16,*+76
$&7,21
.12:/('*(
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$'08ZLWKDQHIILFLHQF\VFRUHOHVVWKDQFDQEHFRQVLGHUHGUHODWLYHO\LQHIILFLHQW$VFRUHRIOHVVWKDQ
PHDQVWKDWDOLQHDUFRPELQDWLRQRIRWKHU'08VIURPWKHVDPSOHFRXOGSURGXFHWKHVDPHYHFWRURIRXWSXWV
XVLQJ D VPDOOHU YHFWRU RI LQSXWV *UDSKLFDO GLVSOD\V RI '($ UHVXOWV RIWHQ LQFOXGH WKH ³SURGXFWLRQ IURQWLHU´ RU
³HIILFLHQWIURQWLHU´ZKLFKMRLQVDOOFRPELQDWLRQVZLWKHIILFLHQF\WKRXJKWKLVFDQEHGLIILFXOW WRVKRZZKHQ
WKHUH DUH PRUH WKDQ WZR LQSXWV RU RXWSXWV 7KH HIILFLHQF\ VFRUH UHIOHFWV WKH UDGLDO GLVWDQFH IURP WKH HVWLPDWHG
SURGXFWLRQIURQWLHUWRWKH'08XQGHUFRQVLGHUDWLRQ7KRVH'08VZLWKDVFRUHRIDUHORFDWHGRQWKHHIILFLHQW
IURQWLHUZKLOHWKRVHWKDWDUHFRPSDUDWLYHO\OHVVHIILFLHQWDUHORFDWHGEHORZQHDUHUWRWKHRULJLQWKDQWKHHIILFLHQW
IURQWLHU
7KH&&50RGHOLVWKHEDVLFPRGHOXVHGLQ'($7KHSURFHVVJHQHUDWHVDQHQYHORSPHQWVXUIDFHWKDWFDQEH
UHSUHVHQWHGXVLQJHLWKHUDFRQVWDQWUHWXUQVWRVFDOH&56RUDYDULDEOHUHWXUQVWRVFDOH956SURGXFWLRQV\VWHP,Q
WKH &56 LW LV DVVXPHG WKDW RXWSXWV FKDQJH LQ WKH VDPH SURSRUWLRQ DV LQSXWV GR $OWHUQDWLYHO\ 956 FDQ EH
UHSUHVHQWHGXVLQJLQFUHDVLQJFRQVWDQWDQGGHFUHDVLQJUHWXUQVWRVFDOH,QWKLVDUWLFOHZHXVH&56

6WXG\PHWKRGRORJ\
7KHVWXG\LVEDVHGRQGDWDFROOHFWHGIURPVL[JRYHUQPHQWRUJDQL]DWLRQVLQ&DQDGD7KH\ZLOOEHUHIHUUHGWRE\
OHWWHUV$)LQRUGHUWRSUHVHUYHFRQILGHQWLDOLW\)RUWKHVDPHUHDVRQQXPHULFDOUHVXOWVSUHVHQWHGKHUHKDYHDOOEHHQ
PXOWLSOLHGE\DFRQVWDQW$V'($DVVXPHVOLQHDULW\WKLVKDVQRHIIHFWRQPHDVXULQJWKHUHODWLYHSHUIRUPDQFHRIWKH
'08VDQGLQSDUWLFXODUWKHHIILFLHQF\VFRUHV7KHWKHRU\RXWOLQHGLQVHFWLRQDQG)LJZLOOEHXVHGDVDOHQVWR
XQGHUVWDQGDQGUHIOHFWRQWKHPRGHOOLQJWKDWKDVWDNHQSODFHRUWKDWFRXOGWDNHSODFHQRZRURQWKHIXWXUH2QHRI
RXUDLPV LV WRFRQWUDVW WKHVHUHIOHFWLRQVZLWK WKHPLVOHDGLQJ³MXVWFOLFNWKHPRXVHDQGVLWEDFN´YLHZRIDQDO\WLFV
RIWHQSUHVHQWHGLQWKHPDJD]LQHOLWHUDWXUH
([DPSOH
:HZLOOGHVFULEHDVPXFKEDFNJURXQGDVZHFDQZLWKRXWEUHDNLQJFRQILGHQWLDOLW\DQGWKHQJRRQWRH[SODLQ
ZKLFK'($LQYHVWLJDWLRQVPLJKWEHFDUULHGRXWDQGZK\VRPHDUHPRUHXVHIXOWKDQRWKHUV
5.1. Background 
$V PHQWLRQHG HDUOLHU DOO RUJDQL]DWLRQV PXVW KDYH DQ DFFRXQWV SD\DEOH SURFHVV ,W LV EHOLHYHG WKDW WKHUH LV
SRWHQWLDO WR LPSURYH WKHSURFHVV RI$FFRXQWV3D\DEOH $3 LQ*RYHUQPHQW RI&DQDGDRUJDQL]DWLRQV7KLV LV WKH
LQLWLDONQRZOHGJHEDVHGJXLGDQFHVRWKHTXHVWLRQVWKDWWKHSXEOLFVHFWRUZDQWVDQVZHUHGDUH³FDQZHUXQWKH$3
SURFHVVEHWWHU"´DQGLIWKHDQVZHUWRWKDWLV\HV³KRZFDQZHUXQWKH$3SURFHVVEHWWHU"´7KHVL[RUJDQL]DWLRQVWKDW
ZHVWXGLHGKDYHYDU\LQJ$3SURFHVVHVVRPHDUHFHQWUDOL]HGVRPHGHFHQWUDOL]HGDQGVRPHVSOLW7KHUHLVDEOHQG
RIKXPDQUHVRXUFHXVHGLQWKHSURFHVVHVDVZHOODVDPL[RIDFWLYLWLHVWRGHDOZLWK,QWKHSDVWWKHVHRUJDQL]DWLRQV¶
$3 SHUIRUPDQFH KDV EHHQPHDVXUHG E\ MXVW XVLQJ UDWLRV DW DQ LQGLYLGXDO IDFWRU OHYHO 7KHUHZDV QR DWWHPSW WR
FRQVLGHU D FRPELQDWLRQ RI IDFWRUV QRU WR FDUU\ RXW FRPSDULVRQV WR WKH EHVW SHUIRUPHUV E\PDNLQJXVH RI DOO WKH
IDFWRUVLQYROYHGLQRXWSXWSURGXFWLRQ
7KHFKDOOHQJHZLWKWKLVW\SHRIEHQFKPDUNLQJVWXG\LVWKDWHDFKRUJDQL]DWLRQOLNHO\RSHUDWHVWKHLU$3SURFHVVLQ
PDQ\GLIIHUHQWZD\V$WUDGLWLRQDOEHQFKPDUNLQJDSSURDFKLQZKLFKRQHPLJKWFRPSDUHRQO\UDWLRVRILQSXWVRID
ZRUN XQLW QXPEHU RI )7(V IRU H[DPSOH WR LWV RXWSXWV VHUYLFHV GHOLYHUHG FDQ WKHUHIRUH OHDG WR DQ ³DSSOHV WR
RUDQJHV´FRPSDULVRQZKHQXVHGWRFRPSDUHRUJDQL]DWLRQV,QFRQWUDVWWKHXVHRI'($DOORZVIRUDQLQSXWRXWSXW
FRPSDULVRQDFURVVPDQ\'08VZKLOHDWWKHVDPHWLPHUHYLHZLQJKRZWKHZLWKLQRUJDQL]DWLRQIDFWRUVFRQWULEXWHWR
HIILFLHQF\7KLVDSSURDFKGRHVQRWDWWHPSWWRFRPSDUH'08VLQDGLUHFW³KHDGWRKHDG´PDQQHU5DWKHULWFRPSLOHV
LQIRUPDWLRQIURPDQXPEHURI'08VWRSURILOHWKH³PRVWHIILFLHQWSURGXFHU´$OO'08VDUHWKHQFRPSDUHGWRWKLV
SURILOHWRGHWHUPLQHWKHLUUHODWLYHSHUIRUPDQFH7KHPHWKRGRORJ\XVHGLVDSSOLFDEOHWRDQ\SURFHVVDQGGHYHORSPHQW
RIVWDQGDUGVDFURVVRUJDQL]DWLRQVWRLPSURYHSURGXFWLYLW\
7KH W\SH RI UHVRXUFHV DQG WUDQVDFWLRQV XVHG LQ WKLV DQDO\WLFV H[DPSOH LQGLFDWH WKH LPSRUWDQFH RI D FOHDU DQG
DFFXUDWHFODVVLILFDWLRQRIWUDQVDFWLRQV3URSHUFODVVLILFDWLRQFDQDIIHFWWKHUHVXOWVDOORFDWLRQDQGWKHLGHQWLILFDWLRQRI
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DQHIILFLHQWOHYHOLQWKH$3SURFHVV7KHDQDO\VLVLQWKLVSLORWVWXG\XVHVWKHGDWDDVLWZDVVXEPLWWHGEXWWKHFXUUHQW
UHYLHZVXJJHVWVWKHQHHGWRSHUIRUPDFOHDUFODVVLILFDWLRQSURFHVV±VWDQGDUGL]DWLRQRIWUDQVDFWLRQVLQIXWXUHVWXGLHV
7KHDQDO\VLV UHVXOWV DUHKLJKO\ VHQVLWLYH WR WKH WUDQVDFWLRQFODVVLILFDWLRQDVZLOOEH VKRZQ LQ WKHQH[W VHFWLRQ7R
LOOXVWUDWHWKLVSRLQWGLIIHUHQWFRPELQDWLRQVRILQSXWDQGRXWSXWZHUHPRGHOOHG

5.2. Modelling 
)RURXUSLORWLQYHVWLJDWLRQXVLQJUHDGLO\DYDLODEOHGDWDWKHRQO\LQSXWVFRQVLGHUHGZHUHWKHKXPDQUHVRXUFHVDQG
WKHRXWSXWVZHUHWKHPRVWIXQGDPHQWDORI$3RSHUDWLRQVWKHWUDQVDFWLRQVSURFHVVHG7KHYROXPHRIWUDQVDFWLRQVLV
ZKDWPDNHV WKLV H[DPSOH ³ELJ GDWD´ )RU WKH LQSXWV ZH GLYLGHG WKH KXPDQ UHVRXUFH LQWR ILYH OHYHOV RI RIILFHU
QXPEHUHG)RUWKHRXWSXWVZHLGHQWLILHGWKUHHWUDQVDFWLRQW\SHVLQYRLFHV,MRXUQDOYRXFKHUV-9DQGLQWHU
GHSDUWPHQWDOVHWWOHPHQWV,'67KHODWWHUWZRW\SHVPD\DOVREHFRPELQHGWRJHWKHUDVQRQLQYRLFHW\SHV1RQ,
)LJVKRZV WKHUHODWLYHVL]HRI WKHGLIIHUHQWRXWSXW W\SHVIRUDOOVL[RUJDQL]DWLRQV WKRXJKWKHD[HVKDYHEHHQ
VFDOHGIRUFRQILGHQWLDOLW\


)LYHGLIIHUHQW'($PRGHOVZHUHLQYHVWLJDWHG0RGHOXVHVDOOILYHLQSXWW\SHVDQGDOOWKUHHRXWSXWW\SHV0RGHO
 XVHV DOO ILYH LQSXW W\SHV EXW MXVW RQHRXWSXW WRWDO WUDQVDFWLRQV ,-9,'60RGHO UHYHUWV WRXVLQJ DOO WKUHH
RXWSXWW\SHVEXWXVHVRQO\WKUHHLQSXWW\SHVDQGIRXURIWKHRUJDQL]DWLRQV7KLVLVEHFDXVHWZRRIWKHRUJDQL]DWLRQV
HDFKXVHDGLIIHUHQWXQLTXHW\SHRIKXPDQUHVRXUFH0RGHOLVVLPLODUWRPRGHOEXWDJJUHJDWHV-9DQG,'6LQWR
1RQ,WKXVJLYLQJRQO\WZRRXWSXWW\SHV)LQDOO\0RGHOXVHVDOOWKUHHRXWSXWW\SHVDQGDOOVL[RUJDQL]DWLRQVEXW
DJJUHJDWHVDOOILYHLQSXWW\SHVEDVHGRQWRWDOH[SHQGLWXUHRQKXPDQUHVRXUFHV7KLVUDQJHRIPRGHOVLVGHOLEHUDWHO\
FKRVHQ WR LOOXVWUDWHVRPHRI WKH LPSRUWDQW IHDWXUHV WKDWDVVXPSWLRQVNQRZOHGJHDQGJXLGDQFHQHHG WREULQJ WRDQ
DQDO\WLFVH[DPSOH7KH\DUHVXPPDUL]HGLQ7DEOH


)LJ5DGDUFKDUWVKRZLQJWKHGLIIHUHQWW\SHVRIRXWSXWIRUWKHVL[RUJDQLVDWLRQV
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7DEOH5XQVRIWKH'($PRGHOV
DŽĚĞů KƌŐĂŶŝǌĂƚŝŽŶƐ;ĂŶĚŶƵŵďĞƌͿ /ŶƉƵƚƚǇƉĞƐ;ĂŶĚŶƵŵďĞƌͿ KƵƚƉƵƚƚǇƉĞƐ;ĂŶĚŶƵŵďĞƌͿ
ϭ ƚŽ&;ϲͿ ϭƚŽϱ;ϱͿ /͕:s͕/^;ϯͿ
Ϯ ƚŽ&;ϲͿ ϭƚŽϱ;ϱͿ /н:sн/^;ϭͿ
ϯ ͕͕͕&;ϰͿ ϮƚŽϰ;ϯͿ /͕:s͕/^;ϯͿ
ϰ ͕͕͕&;ϰͿ ϮƚŽϰ;ϯͿ /͕EŽŶ/;ϮͿ
ϱ ƚŽ&;ϲͿ ϭнϮнϯнϰнϱ;ϭͿ /͕:s͕/^;ϯͿ

:HZLOOEH UHO\LQJRQEDU FKDUWV LQRXUSUHVHQWDWLRQRI WKH UHVXOWV IRU WZR UHDVRQV)LUVW DVZHPHQWLRQHG
DERYHWKHPXOWLLQSXWPXOWLRXWSXWQDWXUHRIWKHPRGHOVPDNHVLWGLIILFXOWWRYLVXDOL]HWKHUHVXOWVLQWZRRUHYHQ
WKUHHGLPHQVLRQV6HFRQGRQHRIWKHRUJDQL]DWLRQVLVYHU\PXFKODUJHUWKDQWKHRWKHUVWKLVGLVWRUWVWKHVFDOHRI
DQ\JUDSKVVRPXFKDVWRPDNHWKHPKDUGWRGLVSOD\DQGUHDG

'($UHVXOWV
6.1. Model 1 
)LJVKRZVWKHUHODWLYHHIILFLHQF\VFRUHVIRUPRGHOZKLFKLQFOXGHVDOORUJDQL]DWLRQVDOOLQSXWW\SHVDQGDOO
RXWSXWW\SHV7KLVZRXOGEHWKHREYLRXVZD\IRUDQRYLFHGDWDVFLHQWLVWRUDQ\RQHHOVHLQH[SHULHQFHGLQDQDO\WLFVWR
³GR´'($7KHVLWXDWLRQDSSHDUVJRRGZLWKDOORUJDQL]DWLRQVH[FHSW)DSSDUHQWO\DFKLHYLQJD UHODWLYHHIILFLHQF\
VFRUHRI <HW WKH VFRUHV IRURUJDQL]DWLRQV& DQG' DUHSDUWLFXODUO\PLVOHDGLQJ EHFDXVH HDFKXVHV D
XQLTXHLQSXWW\SH$IHDWXUHRI'($LVWKDWVXFKDQRUJDQL]DWLRQZLOODOZD\VDSSHDUWREHUHODWLYHO\HIILFLHQW

)LJ5HVXOWVIRUPRGHORUJDQL]DWLRQVDOOLQSXWW\SHVDOORXWSXWW\SHV
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6.2. Model 2 
0RGHOFRPELQHV WKH WKUHH WUDQVDFWLRQ W\SHV LQWRDVLQJOHRXWSXW7KH UHODWLYHHIILFLHQF\VFRUHVDUH VKRZQ LQ
)LJ 2UJDQL]DWLRQV$ DQG% VWLOO VFRUH UHODWLYH HIILFLHQF\ DV GR PLVOHDGLQJO\ IRU WKH UHDVRQ VWDWHG IRU
PRGHORUJDQL]DWLRQV&DQG'+RZHYHU RUJDQL]DWLRQV( DQG) DSSHDUYHU\ LQHIILFLHQW ,Q
'($WHUPVLVDYHU\ORZVFRUHVXJJHVWLQJWKDWWKHVDPHRXWSXWVPLJKWEHSURGXFHGXVLQJOHVVWKDQRQH
ILIWKRIWKHLQSXWUHVRXUFHV


6.3. Model 3 
([FOXGLQJ RUJDQL]DWLRQV & DQG ' DQG WKHLU DVVRFLDWHG KXPDQ UHVRXUFH JUDGHV  DQG  JLYHV D SURSHU
WKHRUHWLFDOO\ YDOLG PRGHO  ,WV UHVXOWV DUH VKRZQ LQ )LJ  2UJDQL]DWLRQV $ DQG % UHPDLQ DW  UHODWLYH
HIILFLHQF\EXWDUHDJDLQMRLQHGE\RUJDQL]DWLRQ(+RZHYHURUJDQL]DWLRQ)LVVWLOOUHODWLYHO\LQHIILFLHQWDWDVFRUHRI
7KHVHKDSSHQWREHWKHVDPHUHVXOWVDVLQPRGHOEXWRQO\E\UXQQLQJWKLVPRGHOFRXOGWKHDQDO\VWVEH
VXUHWKDWWKHHIILFLHQF\VFRUHVIRUWKHVHIRXURUJDQL]DWLRQVZHUHYDOLG


)LJ5HVXOWVIRUPRGHODOORUJDQL]DWLRQVDOOLQSXWW\SHVVLQJOHRXWSXW
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

6.4. Model 4 
*LYHQWKHGLIIHUHQFHLQUHVXOWVIRUPRGHOVDQGZKHUHWUDQVDFWLRQVZHUHFRPELQHGDQGVHSDUDWHGUHVSHFWLYHO\
WKHLVVXHRIWUDQVDFWLRQFODVVLILFDWLRQQHHGVIXUWKHULQYHVWLJDWLRQ0RGHOLVWKXVWKHVDPHDVPRGHOEXWZLWKWKH
RXWSXWW\SHV-9DQG,'6FRPELQHGWRJLYH1RQ,VRWKDWWKHUHDUHRQO\WZRRXWSXWW\SHV7KHUHVXOWVDUHVKRZQLQ
)LJ2UJDQL]DWLRQV$DQG%UHPDLQDWUHODWLYHHIILFLHQF\DQGRUJDQL]DWLRQ)LVVWLOOUHODWLYHO\LQHIILFLHQWDW
DVFRUHRI0RVWLQWHUHVWLQJO\RUJDQL]DWLRQ(LVDJDLQYHU\LQHIILFLHQWZLWKDVFRUHRI
)LJ5HVXOWVIRUPRGHOIRXURUJDQL]DWLRQVWKUHHLQSXWW\SHVDOORXWSXWW\SHV
)LJ5HVXOWVIRUPRGHOIRXURUJDQL]DWLRQVWKUHHLQSXWW\SHVWZRRXWSXWW\SHV
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6.5. Model 5 
,QWKLVPRGHODOOWKHLQSXWVDUHFRPELQHGLQWRRQHW\SHXVLQJVDODU\H[SHQGLWXUH7KHUHVXOWVDUHVKRZQLQ)LJ
2UJDQL]DWLRQV$ DQG'PDLQWDLQ WKHLU HIILFLHQF\ZLWK  UHODWLYH HIILFLHQF\ VFRUHV EXW RUJDQL]DWLRQ& IUHHG
IURPWKHPLVOHDGLQJHIIHFWRILWVXQLTXHLQSXWQRZKDVWKHORZHVWHIILFLHQF\VFRUHDW2UJDQL]DWLRQ)VFRUHV
(DQG%



'LVFXVVLRQ
7KLVSLORWVWXG\VKRZVVRPHRIWKHSRVVLELOLWLHVDQGOLPLWDWLRQVRIDQDO\WLFVPHWKRGV0RGHOLVWKH³MXVWFOLFN
WKHPRXVH´DSSURDFKWRXVLQJ'($RQWKH$3SURFHVVGDWD7KLVLVZKDWRQHPLJKWPRVWOLNHO\JHWLI'($ZHUH
DYDLODEOH LQ DQ RUJDQL]DWLRQ DV ³VHOIVHUYLFH DQDO\WLFV´ +RZHYHU WKH UHVXOWV FRXOG EH VHULRXVO\ PLVOHDGLQJ WR
DQ\RQHLQH[SHULHQFHGLQ'($NQRZOHGJHIURPERWKPHDQLQJDQGVNLOOHGSUDFWLFHFRPHVLQWRSOD\KHUH
0RGHOLVDVLPSOLILHGYHUVLRQ\HWSURGXFHVPRUHPHDQLQJIXODQGXVHIXOUHVXOWVWKDQPRGHODOEHLWRQO\IRU
IRXURIWKHVL[RIWKHRUJDQL]DWLRQV
7KHUHVXOWVIURPPRGHOVDQG LOOXVWUDWH WKDWHYHQZLWK WKHVDPHRXWSXWGDWD LI LW LVFODVVLILHG LQDGLIIHUHQW
ZD\ WKHDSSDUHQWRXWFRPHRI WKH'($LVGLIIHUHQW7KLVGHPRQVWUDWHVKRZGDWDDQGPHDQLQJLQWHUDFWDQGVKRZV
ZK\ GRPDLQ NQRZOHGJH LV VR LPSRUWDQW ZKHQ GHDOLQJZLWK DQ\ GDWD ELJ RU RWKHUZLVH$ GDWD VFLHQWLVW ZLWK QR
GRPDLQNQRZOHGJHZRXOGRQO\EHDEOHWRWDNHWKHGDWDDVLWFRPHVIURPWKHV\VWHPVXSSO\LQJLW$VZHVHHIURP
WKHVHUHVXOWV WKHRXWFRPHVZLOOGHSHQGRQWKHZD\LQZKLFKWKDWGDWDLVFODVVLILHGDQGVRDQ\FRQFOXVLRQVGUDZQ
PD\EHPLVOHDGLQJ
0RGHOE\FRQWUDVWVKRZVWKDWMXVWEHFDXVHDQDQDO\WLFVPRGHOLVPDWKHPDWLFDOO\SRVVLEOHDQGYDOLGLWGRHVQRW
QHFHVVDULO\KHOSWRLQGLFDWHDQ\SRVVLEOHDFWLRQ,QWKLVH[DPSOHLWLVEHFDXVHWKHGLIIHUHQWW\SHVRIKXPDQUHVRXUFH
DUHQRWIXOO\VXEVWLWXWDEOHIRUHDFKRWKHU2QHFDQQRWVLPSO\UHSODFHRQHVHQLRUPHPEHURIVWDIIZLWKWZRYHU\MXQLRU
PHPEHUVRUvice versaHYHQLIWKHVDODU\OHYHOVDUHWKHVDPH
)LJ5HVXOWVIRUPRGHODOORUJDQL]DWLRQVDOOLQSXWW\SHVVLQJOHRXWSXW
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(YHQ ZLWK WKHVH OLPLWDWLRQV WKH UHVXOWV VKRZ WKDW WKHUH H[LVWV D GLIIHUHQWLDWLRQ DPRQJ WKH VL[ RUJDQL]DWLRQV¶
HIILFLHQF\OHYHOLQWKH$3SURFHVV,QSDUWLFXODURUJDQL]DWLRQV(DQG)DQGSRVVLEO\RUJDQL]DWLRQ&QHHGWRPRYH
WRDPRUHHIILFLHQWOHYHO
)XUWKHU'($ VWXGLHVPD\ VKHGPRUH OLJKW RQ WKHVH WKUHH HVSHFLDOO\ RUJDQL]DWLRQ ( ZKHUH WKH UHVXOWV RI WKH
GLIIHUHQWPRGHOV YDU\ FRQVLGHUDEO\ DQG WKH RWKHU WKUHH RUJDQL]DWLRQV LQ WKH VWXG\2WKHU&DQDGLDQ SXEOLF VHFWRU
RUJDQL]DWLRQVFRXOGEHDGGHGWRWKHVWXG\1RWHRIFRXUVHWKDWWKHLQFOXVLRQRIPRUHRUJDQL]DWLRQVPD\FKDQJHWKH
UHVXOWVTXDOLWDWLYHO\VLQFH'($PHDVXUHVUHODWLYHHIILFLHQF\
:KDW'($GRHVQRWGRKRZHYHULVSULRULWL]HWKHRXWSXWV$OWHUQDWLYHDQDO\WLFVWHFKQLTXHVWKDWFDQGRWKDWFRXOG
EH XVHG DV ZHOO DV WKH '($ DQDO\VLV PRVW REYLRXVO\ JRDO SURJUDPPLQJ 6LQFH WKH DVVXPSWLRQV RI JRDO
SURJUDPPLQJDUHGLIIHUHQWIURPWKRVHRI'($NQRZOHGJHRIDQDO\WLFVZRXOGEHFUXFLDOLQDVWXG\WKDWXVHGERWK
WHFKQLTXHVWKH\DUHDOPRVWFHUWDLQWRSURGXFHVRPHZKDWGLIIHUHQWUHVXOWV
7KHSLORWVWXG\DOVRUHOLHGRQUHDGLO\DYDLODEOHGDWD$SURFHVVEDVHGVWXG\WKDWFROOHFWHGGDWDRQWKHWLPHWDNHQ
DQGKXPDQUHVRXUFHVXVHGIRUHDFKWUDQVDFWLRQZRXOGJLYHDGHHSHUXQGHUVWDQGLQJRIWKHUHODWLRQVKLSVEXW
DXWRPDWLQJWKHFROOHFWLRQRIVXFKGDWDPLJKWZHOOIDFHUHVLVWDQFHIURPWKHVWDIIFRQFHUQHGSDUWLFXODUO\DVWKLVLVWKH
SXEOLFVHFWRU
7KLVW\SHRIDQDO\WLFVVWXG\FDQLGHQWLI\PXOWLSOHDUHDVRILPSURYHPHQWLQSURFHVVPDQDJHPHQW2QHRIWKHPRVW
LPSRUWDQWWKLQJVLQPDQDJLQJVWUDWHJLFULVNLVWKURXJKWKHEHQFKPDUNUHYLHZWRLQGLFDWHZD\VWRLPSURYH7RGRWKLV
ZHOO GDWD FRQVLVWHQF\ LV FUXFLDO IRU WKH EHQFKPDUNLQJ H[HUFLVH 7KHUH LV LPSRUWDQW ZRUN WR EH GRQH RQ GDWD
FRQVLVWHQF\ E\ LGHQWLI\LQJ ZKDW WR LQFOXGH RU QRW HYHQ LQ VRPHWKLQJ DSSDUHQWO\ DV VWUXFWXUHG DV WKH DFFRXQWV
SD\DEOHSURFHVV )RU H[DPSOH GRHV WKHQXPEHU RI LQYRLFHV LQFOXGHSD\UROO FUHGLW FDUGV DQG VR RQ"(TXDOO\ IRU
'08V WREHFRPSDUHGXVHRI WKHVDPHQDPLQJFRQYHQWLRQVWDQGDUGVIRU WKHDFFRXQWVDQGSURFHVVHV LVHVVHQWLDO
7KHVH DFWLRQV DUH NH\ WR XQGHUVWDQGLQJ FRPSDULQJ DQG LPSURYLQJ WKH VDPH SURFHVVHV DFURVV RUJDQL]DWLRQV RU
LQGHHGDFURVVXQLWVZLWKLQWKHVDPHRUJDQL]DWLRQ:URQJIXQGDPHQWDOLQSXWVLQWRWKHDQDO\VLVUHGXFHWKHFDSDFLW\WR
FRQWURODULVNWKDWLVLQKHUHQWVWRULQJXSWURXEOHIRUWKHIXWXUH
7KH SXUSRVH RI WKLV H[DPSOH LV WR VKRZ WKDW GHVSLWH WKH JUHDW SRWHQWLDO RI WKH '($ DQDO\WLFV WHFKQLTXH IRU
SHUIRUPDQFH HYDOXDWLRQ RI D SURFHVV LWZLOO RQO\ EH DFKLHYHGZLWK D NQRZOHGJHOHG DSSOLFDWLRQ  OLNH DQ\ RWKHU
DQDO\WLFVWHFKQLTXH

&RQFOXVLRQV
8.1. From using analytics and big data 
$QDO\WLFVDQGELJGDWDKDYHWKHLUXVHIXOQHVVQRZDVWKH\KDYHGRQHXQGHUGLIIHUHQWQDPHVIRUWKHSDVW\HDUV
RUPRUH+RZHYHUWKHLUDSSOLFDWLRQLVQRWKLQJOLNHDVVWUDLJKWIRUZDUGDVDUWLFOHVLQWKHFRPSXWLQJSUHVVZRXOGKDYH
XVEHOLHYH:HKDYHVKRZQWKDWLWUHTXLUHVLQWHUDFWLRQEHWZHHQWKHGDWDWKHDQDO\WLFVWHFKQLTXHVDQGNQRZOHGJHRI
ERWKWKHWHFKQLTXHVDQGWKHGRPDLQ7KHFUXFLDOQHHGLVIRUVKDUHGXQGHUVWDQGLQJILUVWRIWHUPLQRORJ\NQRZOHGJH
DERXWGDWD WKHQRI LQWHUSUHWDWLRQ NQRZOHGJHDERXWPHDQLQJ WKHQRIDFWLRQ NQRZOHGJHDERXW VNLOOHGSUDFWLFH
7KHVHFRPHWRJHWKHUDVZHKDYHVKRZQLQ)LJ,QGHHGLQWKHORQJHUWHUPRYHUDVHULHVRIDQDO\WLFVVWXGLHVWKHUH
DUHWKUHHDGGLWLRQDOOLQNVDVVKRZQLQ)LJ2QHFRQQHFWVNQRZOHGJHWRGDWDIRUH[DPSOHZKDWGDWDWRFROOHFWRU
LQGHHG QRW ERWKHU WR FROOHFW DQG WKH LVVXHV DERXW VWDQGDUGL]DWLRQ PHDQLQJPHQWLRQHG DERYH$QRWKHU FRQQHFWV
NQRZOHGJHWRWHFKQLTXHVGHYHORSLQJQHZWHFKQLTXHVLQWKHOLJKWRISDVWH[DPSOHV7KHWKLUGFRQQHFWVDFWLRQEDFNWR
NQRZOHGJHOHDUQLQJIURPH[SHULHQFHVNLOOHGSUDFWLFH
6RPH RI WKH NQRZOHGJH QHHGHG IRU WKDW VKDUHG XQGHUVWDQGLQJ FDQ EH VWUXFWXUHG DQG KHQFH IRUPDOL]HG  WKH
H[SOLFLW NQRZOHGJH )RU H[DPSOH D'($DQDO\WLFV SDFNDJH FRXOG IODJZKHQ WKH UHVXOWV IRU D XQLW DUH XQUHOLDEOH
EHFDXVH LW XVHV DXQLTXH LQSXW W\SH+RZHYHU WKHPRUH WDFLW HOHPHQWV RI WKHNQRZOHGJHE\GHILQLWLRQ FDQQRWEH
VWUXFWXUHGLQVXFKDZD\VRKXPDQLQSXWZLOOFRQWLQXHWREHQHHGHG7KHEDODQFHEHWZHHQWKHGRPDLQDQGWHFKQLTXH
NQRZOHGJH UHTXLUHGZLOO YDU\ IURP RQH VWXG\ WR WKH QH[W 7KH DPRXQW RI IRUPDOL]DWLRQ SRVVLEOH ZLOO DOVR YDU\
GHSHQGLQJ QRW MXVW RQ WKH WHFKQLTXH EXW DOVR RQ WKH H[SHFWHG XVHUV EHFDXVH RI WKH EDVLF QHHG IRU VKDUHG
XQGHUVWDQGLQJRIWHUPLQRORJ\7KHPRUHKHWHURJHQHRXVWKHXVHUVWKHOHVVIRUPDOL]DWLRQZLOOEHSRVVLEOH
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7RVXPXSIRUDSUDFWLFDODQDO\WLFVVWXG\ILUVWVWDUWZLWK\RXUSXUSRVHWKHQPDNHVXUH\RXKDYHHQRXJKGDWD
1H[WDSSO\WKHWRROVRIDQDO\WLFVDQGXQGHUVWDQGWKHUHVXOWV&UXFLDOO\WKHQGRVRPHWKLQJGLIIHUHQWO\DQGMXVWDV
FUXFLDOO\PRQLWRUZKDWKDSSHQV
0RVW LPSRUWDQWO\ GR QRW MXPS IURP RQH VWHS WR DQRWKHU ZLWKRXW UHIOHFWLRQ %LJ GDWD DV ZH VDLG DERYH FDQ
LQFOXGHDORWRIJDUEDJHEXWSUREDEO\WKHPRVWGLIILFXOWWKLQJLVWKHELDVWKDWLQVRPHFDVHVWKHGDWDFDQKDYH6RFLDO
PHGLD LV DQH[DPSOHZKHQRQO\D IHZYHU\ LQIOXHQWLDOSHRSOHDUH WKHSDUWLFLSDQWV LQGLVFXVVLRQV)RU LQVWDQFH D
³KROGLQJ´RUJDQL]DWLRQFDQEHDIIHFWHGLQLWVPDQDJHPHQWFRQWUROV\VWHPEHFDXVHRIWKHODFNRIWKHLPSRUWDQWZRUGV
LQWHJUDWLRQDQGLQWHJULW\


8.2. From strategic risk perspective 
7KLV SDSHU KDV SUHVHQWHG WKH YLHZ RI DQDO\WLFV DQG ELJ GDWD DV D JRRG RSSRUWXQLW\ IRU RUJDQL]DWLRQV WR XVH
LQWDQJLEOHDVVHWVGDWDDQGDQDO\WLFVFDSDELOLWLHVWKDWFDQEHDVRXUFHWRSURWHFWWKHRUJDQL]DWLRQDJDLQVWPXOWLSOH
ULVNV+RZHYHUWKHSRWHQWLDORIWKHVHWZRDVVHWVFDQEHMHRSDUGL]HGDQGPRUSKLQWRDQH[WUHPHO\FRPSOH[ULVNWKDW
LVDVVRFLDWHGZLWKLQYDOLGUHVXOWV7KHYDOXHRIILOWHUVYDOLGDWLRQDQGUHYLHZRIDOO WKHDQDO\WLFVVWHSVLVPRUHDQG
PRUHLPSRUWDQWIRUVHYHUDOUHDVRQV)LUVWWKHULVNRIWKHFUHDWLRQRIPRGHOVWRVXSSRUWGHFLVLRQVZLWKLQYDOLGUHVXOWV
SRWHQWLDOO\ OHDGLQJ WR LQYHVWPHQW HUURUV 7KLV LV FRPPRQ LQ EXGJHW VHOHFWLRQZKHQ DVVLJQPHQWV DUH DFFRUGLQJ WR
HIILFLHQF\RUUHJUHVVLRQSDUDPHWHUVDQGWKHPRGHOVDUHQRWFRUUHFW6HFRQGWKHULVNRIFUHDWLQJFRQIXVLRQ7KLUGWKH
ULVNRIPLVVLQJWKHIRFXVRIWKHSUREOHPWKDWQHHGVWREHVROYHGGRLQJZKDWLVHDV\UDWKHUWKDQZKDWLVQHFHVVDU\
)LQDOO\WKHULVNRIFUHDWLQJ³ZURQJNQRZOHGJH´RUUDWKHU³LQFUHDVLQJLJQRUDQFH´RUPLVXVLQJDVVHWV

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